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mechanisms and their relative strengths, we must con-
clude that the angular-momentum state of E absorp-
tion in liquid helium is still unknown.

As has been pointed out in Ref. 16, a measurement of
the fraction of stopping mesons which yield x rays from
transitions in the low-lying e orbits would help a great
deal in resolving this problem. Assuming that the
P-state capture rates are large compared to the I' to S
radiation rates as calculated, the value of this fraction
would at least provide a measure of the minimum
amount of E-state absorption. "

~ Note added in proof. Recent results, obtained after this
paper was submitted, on x-ray emission from E absorption in
helium LG. R. Burleson, D. Cohen, R. C. Lamb, D. N. Michael,
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The assumptions that (1) the weak processes B —+ B', M ~ .M' (4$=+1) are mediated by an interaction
that transforms like ) &, {2) the nonleptonic decay amplitudes of hyperons are dominated by pole terms,
and (3) the mass-splitting pattern of the baryon octet can be approximated by ns =m0+ (d m) Y imply that
the effective Lagrangian describing the parity-conserving hyperon decays transforms like X& under SU(3).
The sum rule 2P(:)=P(A. ')+P(Zp+) follows immediately from this observation.

I. INTRODUCTION
' 'N a previous paper of the same title' it was shown
~ - that the parity-conserving amplitudes for non-
leptonic hyperon decays satisfy the sum rule'

2P(:)=P(A ')+v3P(Z+)

The assumptions made in deriving Eq. (1) are:

(i) The nonleptonic weak interaction is CP conserv-
ing and. has the octet transformation property. In
particular, it transforms like X6= X6~.'

(ii) The nonleptonic decay processes are dominated
by the mechanism represented by baryon and meson
poles (the model of Feldman, Matthews, and Salam, '
hereafter referred to as the FMS model).
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(iii) The mass-splitting pattern among baryons is
approximated by a simplihed Gell-Mann —Okubo for-
mula: see= me+ (hm, )F, or sees= eeet, eeeg —sees= sees —ms.

The purpose of this note is to show that under the
assumptions (i)—(iii), the egeclsee nonleptonic hyperon
weak interaction (effective in the sense that the effect
of mass splitting is taken into account) transforms like
X7= —) 7~. It follows immediately then, from the work
of Coleman and Glashow, "that the parity-conserving
amplitudes obey the sum rule (1), since the circum-
stance at hand corresponds to what Coleman and
Glashow' called the abnormal octet dominance.

II. ANALYSIS

An effective Lagrangian which generates the pole-
dominance model of FMS is

2= Zp+2'
Z'= (ael)II*(Ps"y~Ds")B,+f&,(Pe"+PDe")8;

+gk(Ds*'+vPs*')v sled;M'

+ (hps)MsDs"M;+ f'MDe"M~, (3)
' S. Coleman and S. L. Glashow, Phys. Rev. 134, 8671 (1964}.
6 S. Coleman, S. L. Glashow, and B.W. Lee, Ann. Phys. (N. Y.)

30, 348 {1964).



DYNAM ICAL BASIS OF SUM RULE

2 $7

B, P,= I+i— (F,+PD,) B,.
v3 (hm)

(6)

This transformation is Not an SU(3) transformation,
but can be embedded in SU(8). This transformation
conserves charge and the property under charge
conjugation.

Proof: The fact that a transformation of the form
(1+i8FT) conserves both charge and charge-conju-
gation property is well known. ' Consider the transfor-
mation (1+i8D7). To show that PQ,Dyj=0, we note
PF;,D; j=if;;«D«and Q=F«+(3) "'Fa. Under charge

' M. Gell-Mann, Phys. Rev. 125, 1067 (1962).' See for instance Ref. 6 and N. Cabibbo, Phys. Rev. Letters 12,
62 (1964).

where 2{) is the free Lagrangian for the baryon octet
B; (spin -', ) and the meson octet M, (pseudoscalar), and
is SU(3) invariant. For the definition of the coupling
matrices F«'& = i'—f«;, , D«'&'= d«;;, see Cell-Mann. ' f and
f' mea. sure the strength of the weak transitions B~ B'
(&S=&1) and M~M'(M=&1); g measures the
strength of the strong BJ3M coupling. We assume
hm» f and (hp' )»f'.

The last term can always be transformed away to
first order in f' by a unitary transformation that con-
serves charge and CI'. We perform the transformation':

fr —jj
M; —+9)1 = 1+i— Fi iV;,~ (~p')

1 s7

B,-+8,'= 1+i —FT
vS {hp')

In terms of the new variables K,' and Q,', Z«remains
unchanged, while Eq. (3) holds without the last term
with a redefinition of f and P. If

fl(&m) =Pl~= f'l(&p') (5)

as in a pure tadpole model, ' then both the second and
the last terms get transformed away. Let us assume
therefore that at least one of the equalities in (5) is not
true. We shall henceforth drop the term proportional
to f' in our analysis.

We shall further assume that a=0 in (3). This is for
the sake of simplicity. The eGect of nonvanishing 0. will

be discussed later. We perform a unitary transforma-
tion on 8;:

conjugation

C: 8, -+ P,'= Q $1+i8Dg5"«;B;

= «; Q B;(1 z8D—i)i'

=&i iy

where «;= —1 for i = 2, 5, 7 and +1 otherwise. We have
used the identities' D«"=D«", D7"«;= «,D7—@ (not
summed. ). Q.E.D.

To lowest order in f, 2' in (3) is now transformed into

Z' ~ (Am)8 Fg'i8, + (hp')M j)«"iV.

+gfa'(D«" +vF «")vs@;~«

. 2 gf-
+i— 'P'i+P&, Da+yF«j "vs8g3g«(7)

V3 s~
which shows, to lowest order in f, that the nonleptonic
weak interaction of hyperons transform eGectively like
X7. The last term in (7)canbe cast in a more fazniliar form
by writing the BBM coupling in Eq. (3) in the form

g(Tr&y«{m, b)+yTr5y«fm, b]), (8)

where b= 7iB', m= lidlf*' are the 3X3 representations of
the octets of baryons and mesons, and noting that the
transformation (7) is equivalent to

2
b ~ 5=b+i— (LXi,bj+P{lip,b) ) .

The change in (8) due to the transformation (8) is

gf
C(1+P)(I+y) Tr(sy«P i,mjb)

—(1—P) (1—y) Tr(&y«5P, i,m])j (10)

which is equivalent to the last term of Eq. (7). The sum
rule (1) holds independently of the choice of p and p.

When a+0 in Eq. (3), the part of g' quadratic in
baryon fields can in principle be diagonalized by a
SU(8) transformation, but the egeeiive nonleptonic
weak interaction transforms no longer like a pure octet.
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' The secondary identity follows from D7,'7'=47,;;,~~;~,$7„.;=fgq;;.


